Objectives: Reliable information on preadmission medications is essential for inpatients with dementia, but its quality has hardly been evaluated. We assessed the completeness of information and factors associated with incomplete recording.
| INTRODUCTION
At hospital admission, incomplete recording of preadmission medication regimen is common, occurring in 50% to 70% of patients admitted to the hospital (Beers, Munekata, & Storrie, 1990; Cornish et al., 2005; Lau, Florax, Porsius, & De Boer, 2000; Slain, Kincaid, & Dunsworth, 2008; Steurbaut et al., 2010; Tam et al., 2005; Tamblyn et al., 2014) , and in up to 78% of elderly patients admitted to a psychiatric clinic (Prins, Drenth-van Maanen, Kok, & Jansen, 2013) . Prior studies showed that poor quality of information is mostly due to the fact that outpatient medications (i.e., taken by the patient before being admitted to the hospital) are not always recorded in hospital documentation (Beers et al., 1990; Cornish et al., 2005; Fitzsimons, Grimes, & Galvin, 2011; Hellstrom, Bondesson, Hoglund, & Eriksson, 2012; Pippins et al., 2008; Prins et al., 2013; Warholak et al., 2009 ). This incomplete information may result in discontinuation of needed medications, failure in recognizing adverse drug events, inappropriate prescribing, and medication errors, in turn increasing the risk of adverse events and inadequate medication use Prins et al., 2013; Tulner et al., 2009 ). In about 39% to 50% (Steurbaut et al., 2010) of patients, incomplete information was deemed clinically relevant and potentially impacting on patient safety.
Incomplete recording of preadmission medications has important implications for research as well, considering that medical documentation, including electronic medical records (EMRs), is an increasingly used source of data in epidemiological and health services studies.
Good data quality is indeed a prerequisite for valid assessment of important research questions on safety, quality, and appropriateness of care. Studies evaluating data quality in its multiple dimensions and using consistent methodology are thus highly needed (Weiskopf & Weng, 2013) .
Several environmental-and patient-related factors contribute to hinder the quality of information on preadmission medications recorded at hospital admission. Hospital-based staff may have limited available time for taking the medication history, due to heavy workload particularly during emergency admissions, when competing patient need of acute treatment may take priority. Involvement of pharmacists and access to additional source of information, such as electronic pharmacy data, enhance the quality of medication history Henneman, Tessier, Nathanson, & Plotkin, 2014; Steurbaut et al., 2010) . These resources are however not routinely available. Moreover, the patient may not be able to reliably report medication use (Pippins et al., 2008) , and the usual caregiver, who often manages medications (Gillespie, Mullan, & Harrison, 2014; Riedel et al., 2012) , may not be present at admission. Studies showed that patients regularly taking a high number of medications are more likely to have incomplete recording of preadmission therapy than those with less complex therapeutic regimens (Fitzsimons et al., 2011; Hellstrom et al., 2012; Tamblyn et al., 2014) . The type of medication plays a role as well, as psychotropic medications and cardiovascular agents were frequently omitted (Steurbaut et al., 2010; Tamblyn et al., 2014) , in addition to agents taken episodically, such as antiinfectives (Kaboli, McClimon, Hoth, & Barnett, 2004; Steurbaut et al., 2010; Tamblyn et al., 2014) .
Patients with dementia may be at particularly high risk of incomplete preadmission medications recording, considering that cognitive impairment hinders their ability to report, they frequently use multiple medications, including psychotropic agents (Clague, Mercer, McLean, Reynish, & Guthrie, 2016; Fereshtehnejad, Johnell, & Eriksdotter, 2014; Lau et al., 2010; Walsh et al., 2016) and are frequently nonadherent (Smith et al., 2017) , thus limiting the reliability of medication history based on lists or vials. Additionally, medications most often incompletely recorded are commonly used. About 95% of patients in a Dementia Registry used psychotropic medications and more than 75% cardiovascular agents (Turro-Garriga et al., 2015) . An accurate ascertainment of medication history at hospital admission is of utmost importance in these patients, who are at increased risk for severe and potentially lethal adverse drugs events ( Furthermore, patients with dementia often undergo transition of care, a critical step for medication management and continuity of therapy (Deeks, Cooper, Draper, Kurrle, & Gibson, 2016) and are often hospitalized (Davydow, Zivin, & Langa, 2014; Maxwell et al., 2015; Pimouguet et al., 2016; Timmons et al., 2015) , frequently due to medication-related problems (Gnjidic et al., 2014; Gustafsson et al., 2016) .
Nevertheless, we are not aware of research assessing the quality of medication history recorded at hospital admission in patients with dementia. To fill this knowledge gap, we conducted a study on all hospitalizations of patients with dementia admitted to the Udine University hospital, Italy, between 2012 and 2014 with the following goals: 
| METHODS

| Sources of data
Sources of data for this study were the hospital registry and EMRs of the Udine University hospital and the Outpatient Prescription Database of Friuli Venezia Giulia (FVG), the Italian region served by this hospital.
FVG was characterized by a stable population over the study period, with on average 1,220,000 residents, 51.7% women. Residents 64-75 years of age and those older than 75 years were 13.6% and 11.7%, respectively (Italian Statistical Institute). With on average 42,000 hospitalizations per year, this hospital is the largest of the region and provides medical and surgical care at dedicated departments as well as specialized psychiatric and neurological care at the psychiatry and neurology departments. However, psychiatric care in FVG is provided by large on outpatient basis, and only very severe cases are hospitalized.
The psychiatry department at this University Hospital has only 15 beds. These sources of data provide an opportunity to obtain patientlevel correlated information, thus allowing the comparison of EMRs medication list with dispensation data, and have been used for research on use of medications Pisa, Logroscino, et al., 2015) .
For each hospitalization, the hospital registry records information on patient demographics, dates of admission and discharge, one primary, and up to five secondary discharge diagnoses coded according to the International Classification of Diseases Version 9 coding system. EMRs record clinical data on in-patient and out-patient encounters at the hospital. The Outpatient Prescription Database records information on all prescription reimbursed medications dispensed to residents of FVG region at the pharmacy level, including the date of dispensing, the active substance, the World Health Organization Anatomical Therapeutic Chemical code, number of boxes, strength, and commercial name.
| Study design
Retrospective cohort study.
| Study population
From the hospital registry, we selected all records of hospitalizations with principal or secondary International Classification of Diseases Version 9 discharge codes for dementia (Table S1 ) from January 1, 2012
to December 31, 2014. We included in the study only the hospitalizations of patients with residence in FVG for at least 1 year prior of the date of admission. Hospitalizations were included irrespective of the department of admission and thus admissions to the neurology department as well as to medical and surgical departments were considered. We did not find any admission to the psychiatric department.
| Data collection
For each included hospitalization, we abstracted from EMRs information on preadmission medications registered at admission in the medication list (active substance and formulation), discharge diagnosis written by the treating physician and by specialist consultants, presence of psychiatric disturbances, and further comorbidities. 
| Statistical analysis
The statistical unit of analysis was the hospitalization record. We calculated the percentage of omissions, additions, and discrepancies overall and by characteristics such as type of admission (emergency and planned), sex, age, psychiatric disturbances (diagnosis in EMR of chronic and acute disturbances including depression, psychosis, bipolar disorder, delirium, and hallucinations), and number of medications of diverse classes dispensed within 3 months before admission. This number was categorized as follows: none, 1 to 4, 5 to 9 (polypharmacy) and 10 and more (hyper-polypharmacy), using cut-offs derived from prior studies (Walsh et al., 2016) . We compared the percentage of omissions, additions, and discrepancies between groups defined by these characteristics through chi-square test. Level of significance was set at α = .05.
Agreement between EMR medication list and dispensations within the reference period was assessed through the Kappa coefficient (Thompson & Walter, 1988) , with 95% confidence interval.
Kappa and prevalence and bias-adjusted Kappa (PABAK) values were (Byrt, Bishop, & Carlin, 1993; Cunningham, 2009 ). We conducted the following sensitivity analyses: (a) excluding vitamins, minerals, and topical medications from both EMRs and dispensation data; (b) restricting the reference period to 2 months prior to the date of admission.
We calculated univariable and multivariable unconditional logistic regression odds ratio, with 95% confidence interval, to identify characteristics associated with at least (a) one omission, (b) one addition, and (c) one discrepancy. As multiple hospitalizations per patient occurred, we used generalized estimating equations with robust variance estimator, to account for correlated binary data (Smith & Hadgu, 1992 ). An exchangeable correlation structure was applied, yielding a better fit than other models.
The analysis was performed with SAS© software, version 9.3 (SAS, Cary, NC, USA).
| Ethics and approvals
The study was approved by the FVG Regional Ethics Committee on July 19, 2016 with determination CEUR-2016-Os-028-ASUIUD.
| RESULTS
Among 3,104 hospitalizations coded as dementia, EMRs were retrieved for 95.1%, and linkage with the prescription database was successful for 93.6% (Figure 1 ). Among 2,777 (89.5%) hospitalizations included in the study, at least one medication was registered in EMRs in 58.8%, and at least one dispensing was redeemed within 3 months before admission in 85.2% (Table 1 ). The overall Kappa coefficient was 0.10 and PABAK 0.22.
At least one discrepancy for psychotropic and CNS medications was found in 33.4%, for any medication in 86.1% (Table 2) . Omissions were more frequent than additions for psychotropic medications (19.6% vs. 13.8%) and, particularly, for any medication (68.2% vs.
44.5%). Discrepancies were more frequent in emergency than in planned admissions: 34.2% versus 25.7% for psychotropic medications and 86.7% versus 80.6% for any medication. The frequency of omissions significantly increased with increasing number of preadmission dispensed medications.
Both omissions (21.5% vs. 19.1%) and additions (15.1% vs. 13.4%) of psychotropic medications were slightly more frequent in patients with than without psychiatric disturbances. There was no clear pattern by age and sex. The results for any medication did not change substantially excluding vitamins, minerals, and topical agents (Table S2 ).
Among hospitalizations with ≥1 preadmission dispensation for psychotropic medications (N = 1,267), antipsychotics were omitted in 54.4%, antidepressants in 52.7%, and antidementia agents in 41.5% (Table 3) (Table S3 ).
Compared with hospitalizations of patients with 0 to 4 preadmission medications, the omission of psychotropic medications was 92% more likely when the patient was in polypharmacy (5 to 9 medications) and more than doubled when in hyper-polypharmacy (10 or more medications). Omissions were 41% and additions 35% more likely in emergency than in planned admissions; each of omission and addition was 17% more likely in patients with than without psychiatric disturbances (Table 4) . For any medication, the risk of omissions greatly increased when the patient was in poly-pharmacy and hyperpolypharmacy. Omissions were 69% more likely in emergency than in planned admissions. Additions were 11% and 37% more likely when preadmission medications were 5 to 9 and 10 and more, respectively, versus 0 to 4; 15% more likely in planned versus emergency admissions and 24% more likely in men than in women. The results for any medication did not change substantially excluding vitamins, minerals, and topical agents (Table S4 ).
| DISCUSSION
Among more than 2,700 hospitalizations of patients with dementia, one third had ≥1 discrepancy for psychotropic medications and 86.1% for any medication. Unlike previous studies, this is the first study to address the quality of hospital EMRs information on preadmission medications and specifically of psychotropic agents in patients with dementia. Comparing with studies conducted in adult or elderly patients admitted to the hospital or to the emergency department (Hellstrom et al., 2011; Lau et al., 2000; Tam et al., 2005; Tamblyn et al., 2014; Warholak et al., 2009 ), we found a frequency of omissions and overall discrepancies for any medication in the upper range of prior estimates. Our results thus reinforce the concern that the quality of preadmission medication history is frequently low in patients with dementia. Moreover, omissions were more frequent than additions, in line with prior research in other patient population (Beers et al., 1990; Cornish et al., 2005; Fitzsimons et al., 2011; Hellstrom et al., 2012; Pippins et al., 2008; Prins et al., 2013; Warholak et al., 2009 ).
We found that discrepancies were common for medications specific for or common in dementia, such as antidementia agents, antidepressants, and antipsychotics. Similarly, in elderly admitted to a psychiatric clinic (Prins et al., 2013) , discrepancies of antidepressants Unreliable information about these medications raises specific safety concerns. In patients with dementia, antipsychotics have been consistently associated with severe adverse outcomes (Ray et al., 2009; Trifiro et al., 2010; Wang et al., 2005) ; antidepressants have been reported to increase the risk of hip fractures and other adverse outcomes in the elderly (Bakken et al., 2013; Coupland et al., 2011) ; omissions of antidementia agents may lead to unwanted interruption of treatment. Consistently with our results, in an old age psychiatric clinic (Prins et al., 2013) one third of all discrepancies concerned psychotropic medications and two thirds somatic agents. In elderly inpatients admitted to a University Hospital (Steurbaut et al., 2010) , discrepancies in psychotropic medications accounted for 20.3% of all discrepancies, representing the second most frequent group after alimentary tract medications, and for 17.6% of discrepancies deemed clinically relevant, resulting the second most frequent group after cardiovascular medications. However, in the emergency department of two Canadian University hospitals (Tamblyn et al., 2014) , a higher percentage of dispensed psychotropic medications (46%) was not recorded in charts.
The overall agreement between EMRs and dispensation data was low but varied greatly between medications. We interpreted the Kappa coefficient considering PABAK, an additional index of agreement accounting for the prevalence of the medication and for bias that may influence Kappa. Both indices showed consistent results for most medications, indicating an agreement in the range of fair to moderate for psychotropic and CNS agents (as a class), antacids, antithrombotics, or diuretics, and substantial to perfect for Multivariate. The model included terms for type of admission (emergency and planned), sex, age, neuropsychiatric disturbances (diagnosis in EMR of chronic and acute disturbances including depression, psychosis, bipolar disorder, delirium, and hallucinations), number of medications of diverse therapeutic classes dispensed within 3 months before hospital admission (none to 4, 5 to 9 (polypharmacy) and 10 and more (hyper-polypharmacy).
d Number of medications of diverse therapeutic classes dispensed within 3 months before hospital admission.
antiepileptics, antiparkinsons, and antidiabetics. Kappa indicated moderate to fair agreement while PABAK substantial to perfect for medications such as analgesic opioids, antipsychotics, antidepressants, antihypertensives, and ophtalmologicals, suggesting that a low prevalence of use and bias lowered the value of Kappa.
Although prior research evaluated factors associated with the risk of discrepancy concerning any medication, we are not aware of studies addressing specifically psychotropic medications in this regard.
Consistently with other studies (Fitzsimons et al., 2011; Hellstrom et al., 2012; Tamblyn et al., 2014) , in our results, the number of preadmission medications was a strong independent risk factor for omissions of any medication. We found furthermore that the risk of omissions of psychotropic medications is also strongly increased in patients using multiple medications. Emergency admission was an independent risk factor for omissions and additions of psychotropic medications, but only for omissions of any medication. This last finding is in line with prior research (Lindner, Slagman, Senkin, Mockel, & Searle, 2015; Tamblyn et al., 2014) .
We compared with dispensings within 3 months before admission, whereas in another study (Tamblyn et al., 2014) , a 2-month period was considered. Our slightly longer comparison period may have increased omissions, but this effect should be limited to medications taken episodically or short term, such as anti-infectives, benzodiazepines, antipsychotics, pain medications, or mood stabilizers.
Moreover, in sensitivity analysis, using a 2-month comparison period did not change our results.
To interpret our results, it should be considered that discrepancies In institutionalized patients certain medications administered acutely and occasionally may be delivered from the institution pharmacy and be registered only in the institution documentation but not in the dispensation database. This may partially explain additions for nonopioid analgesics, anxyolitics, and for hypnotics and sedatives.
It should be also considered that dispensing data are a proxy for medications actually taken by the patient, thus dispensed medications not taken or discontinued and correctly not recorded in EMRs may have contributed to omissions.
We found that certain needed medications, such as antihypertensives, agents for obstructive airway diseases, calcium channel blockers, and other cardiovascular agents were frequently omitted. Omissions and additions were among the lowest for antidiabetic medications, consistently with another study (Tamblyn et al., 2014) . A possible explanation may be that patients with diabetes carry good documentation material of their therapeutic regimen. Of note, omissions were frequent for ophthalmologicals, in line with a prior study (Steurbaut et al., 2010) . As ocular topic medications contribute to polypharmacy and may concur to systemic adverse events, they should not be overlooked when medication history is collected.
Agreement between EMRs and dispensing data was generally low when measured through the Kappa coefficient. This coefficient is influenced by the prevalence of the condition and by bias. Its value, therefore, was interpreted in the light of additional indices of agreement, such as PABAK (Byrt et al., 1993; Cunningham, 2009) . When prevalence and bias were taken into account, the agreement increased, indicating that for some medications the low Kappa coefficient was influenced by the low prevalence of use in the study population.
Our study did not evaluate the appropriateness of in-hospital clinical decisions regarding the suspension or modification of preadmission outpatient medication. We also did not consider modifications of pharmacological therapy after discharge. Rather, we evaluated the quality of information on preadmission medications registered in
EMRs by comparing with dispensation data.
| Limitations
In some prior studies, comparisons were made with a medication list obtained by integrating information from multiple sources, including patients and family interviews, GP letters, and nursing home lists Fitzsimons et al., 2011; Lau et al., 2000) . We could not complement dispensing data with other sources, due to data anonymization and the retrospective nature of the study. However, our results are consistent with studies comparing with multiple sources.
The intended dose is not registered in the prescription database;
regimen and route of administration were often missing in EMRs.
We could therefore not assess agreement on dose, frequency, or route of administration, possibly underestimating discrepancies.
We identified hospitalizations of patients with dementia through discharge codes. Preliminarily, we evaluated the validity of the diagnostic discharge code for dementia comparing with the diagnosis written by physicians in EMR, finding a very high positive predictive value (87.4%).
Discharge codes at this University Hospital accurately identified several diseases (Berdot et al., 2009; Pisa et al., 2011) including neurodegenerative conditions (Drigo et al., 2013; Pisa, Logroscino, Battiston, & Barbone, 2016) . We included secondary diagnoses to increase the com- 
| Strenghts
The almost complete retrieval of EMRs and linkage with dispensing data was a major strength of this study. The large number of records included allowed us to assess discrepancies by therapeutic group focusing on psychotropic medications.
Administrative health databases provide several advantages to research on medications, as they reflect routine care information representative and complete for large populations, including vulnerable patient groups . To ascertain preadmission medications, we used the FVG Outpatient Prescription Database recording dispensing data representative of the entire population of FVG. Use of such data allowed us to obtain complete information on all dispensations for each patient included in the study, not flawed by poor recall. Contrary to physician prescription data, dispensation data capture medications actually redeemed by the patient at the pharmacy level. Moreover, as dispensations are recorded continuously over time, we were able to conduct sensitivity analysis choosing a shorter reference period.
| CONCLUSIONS
In this large cohort of inpatients with dementia, the information on preadmission medication registered in EMR was frequently incomplete compared with community-pharmacy dispensation data. This incompleteness concerned also psychotropic agents, which are frequently used in these patients.
To enhance completeness of information on preadmission medications, studies should use both EMRs and dispensation data. EMRs are particularly useful to complement dispensation data for medications incompletely or not registered, such as nonreimbursed medications or those reimbursed only for specific indications.
Polypharmacy, emergency admission, and presence of psychiatric disturbances identify subgroups to be prioritized in interventions aimed at improving preadmission medication recording.
Our results prompt future research on the association between incomplete information on preadmission medication and relevant clinical outcomes in patients with dementia, also by means of linkage with emergency department and general practitioner data.
DECLARATION OF INTEREST STATEMENT
